United States Patent [ [11] Patent Number: 5,048,861

Takahashi , 451 Date of Patent: Sep. 17, 1991
(54] ACTIVE SUSPENSION SYSTEM AND 0284053 9/1988 European Pat. Off. .
PRESSURE CONTROL VALVE THEREFOR 0314164 10/1988 European Pat. Off. .
0318721 11/1988 European Pat. Off. .
[75] Inventor: Kenro Takahashi, Kanagawa, Japan 0318932 11/1988 European Pat. Off. .
: : .y 0345816 6/1989 European Pat. Off. .
[73] Assignee: Nissan Motor Company, Limited, 0345817 6/1989 European Pat, Off. .
Japan | 3902312 171989 Fed. Rep. of Germany .
: 3004922 2/1989 Fed. Rep. of Germany .
211 Appl. No.: 501,085 3910030 3/1989 Fed. Rep. of Germany .
[22] Filed: Mar, 27, 1990 3910445 3/1989 Fed. Rep. of Germany .
[30] Foreign Application Priority Data Primary Examiner—Richard A. Bertsch
Mar. 27, 1989 [JP] Japan ...evemviicccniennceciene, 1-71989 ‘;gg;:iy , Agent, or Firm—Lowe, Price, LeBlanc &
[S1] Int. CLS oot B60G 17/08
1521 U.S. Cle oo 280/707; 280/840;  LO'] ABSTRACT
280/709; 188/299 A pressure control valve unit to be employed in an
[58] Field of Search ............... 280/707, 703, 714, 840, active suspension system includes a valve member mov-

280/6.1, 6.12, 840, 707, 709; 267/64.16;  able between a pressure increasing mode position, a
188/299; 364/64.16  pressure decreasing mode position and a pressure hold-

[56) References Cited ing mode position for adjusting fluitd pressure in a work-

ing chamber of an active cylinder disposed between a

U.S. PATENT DOCUMENTS vehicular body and a suspension member rotatably sup-

4,702,490 10/1987 Yamaguchi et al. ............... . 280/707 porting a road wheel. The valve member 1s further

4,801,115 1/1989 Heard ....ccccocenvrimririrncnnas 248/219.3 movable to a pressure relieving pesition in response to a

4,801,155 1/1989 Fukushima et al. ................ 280/840 pressure in the workjng chamber hlgher than a prede-

4,848,790 7/1989 Fukunaga et al. .................. 28(_)/707 termined value. The valve member at the pressure re-
4,865,348 9/1989 Hano et al. .....covvvvvevvnvnennnnns 280/707

4903983 2/1990 Fukushima et al. ... 2807707  L€ving position establishes fluid communication be-
tween the working chamber and a drain line for drain-

FOREIGN PATENT DOCUMENTS ing pressurized fluid in the working chamber at a drain-
0286072 4/1987 European Pat. Off ' ing rate higher than that in said pressure decreasing

0249209 6/1987 European Pat. Off. . _ mode position.
0249227 6/1987 European Pat. Off. .
0285153 3/1988 European Pat. Off. . | 22 Claims, 4 Drawing Sheets
9\
-—\———-——_—.—L--_-_—-——..__.
_ Erralind
| AC
TO AND FROM .
[OTHEH SUSPENSION SENSOR
SYSTEMS \ LATERAL 4
| ACCELERATION
5 SENSOR 10
S ,2
4 &

4 6A 3
SOURCE M gp R

7b 14
| ! S
| D I 7 U
TO AND FROM ] 7 E ;
OTHER SUSPENSION )1
SYSTEMS -

/c _ - 13
L




Sheet 1 of 4

Sep. 17, 1991

U.S. Patent

5,048,861

Ol

1]

£
c/
HOSN3S

NOLLYHIT3J0V
N HOSNIS TOHINOD

NOILVH3 1300V

TYNIGNLIONOT
- - * " "...

SWILSAS
NOISNIJdSNS HIHLO
WOHH ANV Ol
Sl d
89
—~
o~
)
I
| S
|
7 N
g
l SW31LSAS
— NOISN3JSNS HIHLO
| WOHS OGNV Ol
6 1" D1

30HNOS

JHNSS3Hd




U.S. Patent Sep. 17, 1991 Sheet 2 of 4 5,048,861

15¢
I15A
32b
’8 27 e ‘1-
35 R
'S0 17b ;‘ :'W
164~ ?’/}f-§eﬁri /;'Q\./
I9a P PA N "’
] N

0)
Sy
S
Q
3
> ‘§‘

i 0
21d — = —7 7\ .
202097 AN, | NN
LAV Z I T 138
20 r,g_.‘r’/ \
20g 3 \
501 AN ..



U.S. Patent Sep. 17, 1991 Sheet 3 of 4 - 5,048,861

-
L ]

FIG.3

20

/

200

10 Q0o

'
c0e 20e

/]

T O UL/

20a




U.S. Patent Sep. 17, 1991 ' Sheet 4 of 4 5,048,861

FIG.5(a)

PATH AREA

SPOOL STROKE

FIG.5(b)

INACTIVE
NOTCH REGION

(£1+ £2)

PATH AREA

SPOOL STROKE



1

ACTIVE SUSPENSION SYSTEM AND PRESSURE
"~ CONTROL VALVE THEREFOR

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates generally to an active
suspension system for an automotive vehicle for absorb-
ing and damping vibratory energy to achieve a high
level of riding comfort and driving stability and, more
particulary, to a pressure control valve unit to be em-
ployed in the active suspension system for adjusting
suspension characteristics depending upon vehicular
driving conditions and the type of vibrations encoun-
tered.

2. Description of the Background Art

U.S. Pat. No. 4,702,490, issued on Oct. 27, 1987, com-
monly assigned to the assignee of the present invention,
discloses a typical construction of an active suspension
system applicable for an automotive vehicle. The dis-
closed active suspension system includes a hydraulic
cylinder disposed between a vehicular body and a sus-
pension member rotatably supporting a vehicular road
wheel. The hydraulic cylinder includes a thrusting pis-
ton which divides the interior space of the cylinder into
a working chamber and a reference chamber. The
working chamber is connected to a hydraulic circuit
including a fluid pressure source unit and a pressure
control valve. The pressure control valve incorporates
an electrically operable actuator which controls valve
position for adjusting the operational mode of the active
suspension system for absorbing wibratory energy
which causes relatively high frequency and small mag-
nitude vibrations to the vehicular body resulting in a
'rough ride’ feeling. The active suspension system de-
scribed above also has an operational mode for damping
vibratory energy which causes relatively low fre-
geuncy, large magnitude vibrations to the vehicular
body which result in vehicular body attitude changes.
The above described operational modes are neseccary
in order to accomplish both high level riding comfiort
and driving stability.

For this purpose, the pressure control valve of the
active suspension system includes a pilot pressure oper-
ated valve member which is movable between a pres-
sure increasing position to increase fluid pressure 1n the
working chamber, a pressure decreasing position to
decrease fluid pressure in the working chamber and a
pressure holding position to maintain a constant fluid
pressure in the working chamber. The valve member 15
active for establishing fluid pressure balance between
the working chamber and the reference chamber while
‘in the pressure holding position so that the unsprung
mass induced mode of the vibratory energy is converted
into fluid pressure and the converted fluid energy is
effectively absorbed.

The active suspension system includes an electronic
or electric control unit designed to receive one or more
suspension control parameters from one or more sen-
sors. The control unit detects sprung mass induced
vibratory energy, having relatively low frequency and
large magnitude, and produces a suspension contro!
signal to be supplied to the pressure control valve for
operating the valve member between the pressure In-
creasing position and the pressure decreasing position in
order to suppress vehicular body attitude change which
1s caused by sprung mass induced vibratory energy.
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Another construction of a pressure control valve unit
has been disclosed in U.S. Pat. No. 4,801,155, 1ssued on
January 31, 1989, to Fukushima et al, which has been
commonly assigned to the assignee of the present inven-
tion. The shown pressure control valve unit has a valve
construction different from the foregoing prior art.
However, the disclosed pressure control valve per-
forms substantially equivalent pressure adjusting opera-
tions as that done by the foregoing prior art.

Such prior proposed active suspension systems are
generally effective and successful in achieving substan-
tially or satisfactorily high level vehicular riding com-
fort and driving stability. However, on the other hand,
when a vehicle travels over a substantially rough road
causing bottoming, the above described systems tend to
cause too rapid variation in the fluid pressure in the
working chamber and/or in the pressure control valve
to effectively absorb this type of vibratory energy.
When this happens, an extraordinarily high pressure is
induced within the hydraulic circuit. In view of such
possibility, the components of the active suspension
system have to be designed so as not to break or become
damaged even at such extraordinarily high pressures.
Building a hydralic circuit and valve which can sustain
such pressures clearly adds to the cost of producing a
vehicular suspension system.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
provide a pressure control valve unit for use in an active
suspension system, which can effectivly reduce fluid
pressure induced upon occurrence of bottoming.

Another object of the invention is to provide an ac-
tive suspension system which incorporates a pressure
control valve which is capable of relieving the extraor-
dinarily high fluid pressures in order to protect system
components.

In order to accomplish aforementioned and other
objects, a pressure control valve unit to be employed in
an active suspension system, according to the present
invention, includes a valve member movable between a
pressure increasing mode position, a pressure decreas-
ing mode position and a pressure holding mode position
for adjusting fluid pressure in a working chamber of an
active cylinder disposed between a vehicular body and
a suspension member rotatably supporting a road
wheel. The valve member is further movable to a pres-
sure relieving position in response to a pressure in the
working chamber higher than a predetermined value.
The valve member at the pressure relieving position
establishes fluid communication between the working
chamber and a drain line for draining the fluid pressure
in the working chamber at a draining rate higher than
that in said pressure decreasing mode position.

According to one aspect of the invention, a pressure
control valve for adjusting pressure in a working cham-
ber of a fluid pressure operated unit by introducing and
draining working fluid into and from the working .
chamber, comprises:

a first chamber connected to the working chamber
for fluid communication therebetween via a first line;

a second chamber connected to a fluid pressure
source via a second line for introducing line pressure
from the fluid pressure source into the working cham-
ber:

a third chamber connected to a fluid pressure source
via a third line for draining fluid to the fluid pressure
source from the working chamber;
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a valve member for selectively establishing and
blocking fluid communication between the first and
second chambers and the first and third chambers, the
valve member being movable in a first range between, a
first position, for establishing fluid communication be-
tween the first and second chambers through a first
predetermined path opening area and, a second position
for establishing a fluid communicaticn between the first

“and third chambers through a second predetermined
path opening area, across a third position, where fluid
comimunication between the first and second chambers

and the first and third chambers are both blocked; and

means, responsive to a fluid pressure in the working
chamber greater than a predetermined pressure, permit-
ting movement of the valve member within a second
range greater than the first range. The second range
including a fourth position in which fluid communica-
tion between the first and second chambers 1s esta-
blishhed through a third path opening area greater than
the first path opening area and, a fifth position, in which
fluid communication between the first and third cham-
bers is established through a fourth path opening area
greater than the second path opening area.

The valve member is designed for varying the rate of
increase of fluid path opening area so that the increase
rate in a region from the first position to the fourth
position is greater than that from the third posttion to
the first position. Also, the valve member may be de-
signed for varying the rate of increase of the fluid.path
opening area so that the increase rate in a region from
the second position to the fifth position 1s greater than
that from the third position to the second position. Pref-
erably, the fourth and fifth positions of the valve mem-
ber are set at the stroke ends of the valve member.

The pressure control valve unit may further comprise
an electrically operable actuator associated with the
valve member for causing movement of the valve mem-
ber within the first range at a controlled magnitude for
selectively establishing fluid ccmmunication between
the first and second chambers and the first and third
chambers with a limited fluid path opening area varying
in a range between zero and a predetermined maximum
to the first path opening area and between zero and a
predetermined maximum to the second second path
opening area.

The valve member may be formed with at least one
notch axially extending for a predetermined length
defining an overlap range for the first chamber in a
range between the first position and the second position
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and between the first position and the third position of 50

the valve member so that a limited flow rate of fluid
communication between the first and second chambers
and the between first and third chambers 1s established
via the notch within the first range of valve member
movement. The valve member may establish direct
fluid communication between the first and second
chambers during movement from the first position to
the fourth position, the overlap magnitude of the first
and second chambers being increased according to
movement of the valve member toward the fourth posi-
tion, the valve member also establishing direct fiuid
communication between the first and third chambers
during movement from the second position to the fifth
position, the overlap magnitude of the first and third
chambers being increased according to movement of
the valve member toward the fifth position.
According to another aspect of the invention, a pres-
sure control valve for adjusting pressure 1 a working
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chamber of a hydraulic damper in an active suspension
system of an automotive vehicle, by introducing and
draining working fluid into and from the working
chaniber, comprises:

a first chamber connected to the working chamber
for fluid communication therebetween via a first line;

a second chamber connected to a fluid pressure
source via a second line for introducing line pressure
from the fluid pressure source into the working cham-
ber;

a third chamber connected to a fluid pressure source
via a third line for draining fluid to the fluid pressure

source from the working chamber;

a valve member for selectively establishing and
blocking fluid communication between the first and
second chambers and the first and third chambers. the
valve member being movable in a first range between a
first position for establishing fluid communication with
the first and second chambers and a second position for
establishing fluid communication with the first and
third chambers, through a first predetermined path
opening area, and across a third position where fluid
communication of the first and second chambers and
the first and third chambers are both blocked; and

means, responsive to a fluid pressure in the working
chamber greater than a predetermined pressure, for
permitting movement of the valve member within a
second range greater than the first range between a
fourth position and a fifth position at which fluid com-
munication between the first and second chambers and
between the first and third chambers is established
through a predetermined second path opening area
greater than the first path opening area.

According to a further aspect of the invention, an
active suspension system for an automotive vehicle
comprises:

a suspension mechanism including a hydraulic cyhn-
der disposed between a vehicular body and a suspension
member rotatably supporting a road wheel, the hydrau-
lic cylinder defining a working chamber therein, which
working chamber is variable of volume according to a
piston stroke induced by relative movement between
the vehicular body and the suspension member;

a fluid source for feeding pressurized working fluid;

a pressure control valve disposed in a hydraulic cir-
cuit connecting the fluid source and the working cham-
ber for adjusting fluid pressure in the working chamber
by controlling the introduction and draining of working
fluid into and from the working chamber, the pressure
control valve comprising:

a first chamber connected to the working chamber
for fluid communication therebetween via a first
line;

a second chamber connected to a fluid pressure
source via a second line for introducing line pres-
sure from the fluid pressure source into the work-
ing chamber;

a third chamber connected to a fiuid pressure source
via a third line for draining fluid to the flumid pres-
sure source from the working chamber;

a valve member for selectively establishing and
blocking fluid communication between the first
and second chambers and the first and third cham-
bers, the valve member being movable 1n a first
range between a first position for establishing fluid
communication between the first and second cham-
bers through a first predetermined path opening
area and a second position for establishing a tluid
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communication between the first and third cham-

bers through a second predetermined path opening

area, and across a third position where fluid com-
munication between the first and second chambers
and the first and third chambers are both blocked;
and

means, responsive to a fluid pressure in the working
chamber greater than a predetermined pressure for
permitting movement of the valve member in a
second range, greater than the first range, between
a fourth position in which fluid communication 1s
established between the first and second chambers
through a third path opening area greater than the
first path opening area and a fifth position in which
fluid communication is established between the
first and third chambers through a fourth path
opening area greater than the second path opening
area.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully
from the detailed description given herebelow and from
the accompanying drawings of the preferred embodi-
ment of the invention, which, however, should not be
taken to limit the invention to the specific embodiments
but are for explanation and understanding only.

In the drawings:

FIG. 1is a diagram of a hydraulic circuit of an active
suspension system, to which the preferred embodiment
of a pressure control valve unit according to the present
invention, is applicable;

FIG. 2 is a section of the pressure control valve unit
of the preferred embodiment according to the present
invention;

FIG. 3 is a chart showing variation of a control pres-
sure to be supplied to a working chamber of an active
cylinder in a suspension system in relation to a control
current supplied to an actuator of the pressure control
valve unit of the preferred embodiment of FIG. 2; and

FIG. 4 is a chart showing that the magnitude of elec-
tric current in the suspension control signal “Is” 1s vari-
able between a predetermined minimum level and a
predetermined level and a predetermined maximum
level.

FIGS. 5(A) and 5(B) are charts respectively showing
variation of the fluid flow path opening area in the
pressure control valve unit according to variations in

the stroke of a valve spool of the pressure control valve
unit of FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Incorporation of Disclosure by Reference

Prior issued patents, all of which are commonly
owned or assigned to the owner or assignee of the pres-
ent invention, and for which a pressure control valve
unit according to the present invention 1s applicable, are
listed hereinbelow and are hereby expressly incorpo-

rated by such reference for relevant structure taught
therein.

U.S.
U.S.
U.S.
U.S.
U.S.

U.S.
U.S.

Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.

No.
No.
No.
No.
No.

No

4,909,534, issued Mar. 20, 1990,
4,801,155, issued Jan. 31, 1989.
4. 888,696, issued Dec. 19, 1989.
4,938,499, issued July 3, 1990.

4,943 084, issued July 24, 1990.

. 4,967,360, 1ssued Oct. 30, 1990.
NO.

4,905,152, issued Feb. 27, 1990.
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Pat. No. 4,919,440, issued Apr. 24, 1990.
Pat. No. 4,911,469, issued Mar. 27, 1990.
Pat. No. 4,948,165, issued Aug. 14, 1990.
Pat. No. 4,911,468, issued Mar. 27, 1990.

U.S. Pat. No. 4,911,470, issued Mar. 27, 1990.

U.S. Pat. No. 4,961,565, issued Oct. 9, 1990.

Referring now to the drawings, particularly to FIG.
1, there is illustrated a hydraulic circuit, in a simplified
schematic diagrammatic form, of an active suspension
system for an automotive vehicle. The shown circuit
principally illustrates a sole control channel for control-
ling suspension characteristics of a suspension system
for one road wheel. It should be naturally appreciated
that a substantially identical construction of control
channels would be provided for the suspension systems
of respective, or a selected group of more than two,
road wheels of the vehicle.

As shown in FIG. 1, the preferred embodiment of an
active suspension system includes an active hydraulic
cylinder 7. The active cylinder 7 comprises a hollow
cylinder tube 7a, a piston 7¢ disposed within the intenor
space of the cylinder tube, a piston rod 76 connected to
the piston at one end and to a vehicular body 3 at the
other end. The piston 7c¢ separates the interior space of
the cylinder tube into an upper reference chamber U
and a lower working chamber L. The cylinder tube 7a
is connected to a suspension member 2 which rotatably
supports a road wheel 1.

A suspension coil spring 8 may be provided between
the active cylinder 7 and the vehicle body 3 for resil-
iently suspending the vehicular body on the suspension
system. In the shown construction of the invention, the
suspension coil spring 8 1s not strictly necessary and can
be omitted if desired, for the purpose of reduction of
weight, for example. Furthermore, when provided, the
suspension coil spring 8 may be provided only in a
capacity for supporting the static load of the vehicular
body and not necessarily in a capacity for supporting
the dynamic load of the vehicular body.

The working chamber L is connected to a fluid
source unit 4 via a hydraulic circuit including a supply
line S, a drain line D and a control hne C. A pressure
control valve unit 6 is provided in the hydraulic circuit.
The control line C connects a control port of the pres-
sure control valve unit 6 to the working chamber L.
The supply line S is connected to an inlet port of the
pressure control valve unit 6 for supplying line pressure
thereinto. On the other hand, the drain line D connects
a drain port of the pressure control valve unit for drain-
ing pressurized fluid therethrough. A pressure accumu-
lator 5 for regulating line pressure in the supply line S 1s
connected to the supply line. Another accumulator 14 1s
connected to the working chamber L via a flow restric-
tion orifice 13. The accumulator 14 is cooperative with
the flow restriction orifice for absorbing substantially
high frequency, small magnitude vibratory energy input
resulting from road shock, so that such road shock will
not be transmitted to the vehicular body, thus avoiding -
a ‘rough ride’. On the other hand, when the vibratory
energy has relatively lower frequency and greater mag-
nitude than that can be absorbed by the accumulator 14,
absorption or damping of such vibratory energy 1s per-
formed by the pressure control valve unit 6.

A control unit 12 which comprises a microprocessor,
forms a suspension control system 9 together with sen-
sors, such as a lateral acceleration sensor 10, a longitudi-
nal acceleration sensor 11 and so forth. The control unit
12 receives sensor signals from various sensors for per-

U.S.
U.S.
U.S.
U.S.
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forming vehicular body attitude change suppressive
suspension control, such as anti-pitching, anti-rolling,
bounce suppression control and so forth. The control
unit 6 thus outputs a suspension control signal for con-
trolling the position of the pressure control valve 6. In 5
order to change the valve position in response to the
suspension control signal, the pressure control valve 6
Incorporates an electromagnetic actuator 6B, such as a

solenoid. In the shown embodiment, the electromag-
netic actuator 6B comprises a proportioning solenoid 10
responsive to a current level of the suspension control

signal in the form of a current signal for shifting a valve
spool for operating the pressure control valve at a vari-
ety of positions.

FI1G. 2 shows the detailed construction of the pre- 15
ferred embodiment of the pressure control valve 6 ac-
cording to the present invention. As shown in FIG. 2,
the shown embodiment of the pressure control valve
unit 6 generally comprises a valve mechanism 6A and
the proportioning solenoid 6B. A valve housing 15 20
mainly comprises a valve housing block 15A and a fluid
path block 15B. The fluid path block 13B 1s rigidly fixed
onto the valve housing block 15A with a plurality of
sealing O rings 33.

The valve housing block 15A defines an axially ex- 25
tending valve bore which 1s generally represented by
the reference numeral 16A. A generally c¢ylindrical
stationary sleeve 15D is disposed within the valve bore
16. The valve housing block 15A and the stationary
sleeve 15D are cooperative with each other for defining 30
a valve side inlet port section 21a communicated with a
circumferentially extending annular chamber 21). The
valve side inlet port section 21a is aligned with a
blocked path side inlet port section 21¢ for forming an
inlet port 21. The inlet port 21 is communicated with 35
the supply line S of the hydraulic circuit for introducing
line pressure supplied from the fluid pressure source 4.

A valve side control port section 22g with an annular
chamber 225 is also defined by the valve housing block
15A and the stationary sleeve 15D. The valve side con- 40
trol port section 22q is defined in alignment with the
fluid path side control port section 22¢ for forming a
control port 22. The control port 22 1s connected to the
control hne C for feeding control pressure to the work-
ing chamber L of the active cylinder 7. In a similar 45
manner, a drain port 23 including a valve side drain port
section 23a with an annular chamber 235 and a fluid
path side drain port section 23c is provided. The drain
port 23 1s communicated with the drain line D for drain-
ing the pressurized fluid to return to the fluid pressure 50
source 4. A flow restrictive orifice 34 1s provided in the
drain port 23 for restricting fluid flow therethrough.
The valve housing block 15A further defines a pilot
pressure inlet port 29 and a pilot pressure return port
27a. 55

A main valve spool 20 is thrustingly disposed within
an axial bore 16B to which the aforementioned valve
side inlet port section 21a, the control port section 22a
and the drain port section 23a open. As can be seen, the
main valve spool 20 has an inlet side land 20q and a 60
drain side land 206. The inlet side land 20a 1s coopera-
tive with an annular groove 214 defined on the inner
periphery of the stationary sleeve 15D for defining an
annular inlet chamber 21e. Similarly, the drain side land
200 1s cooperative with an annular groove 23d of the 65
stationary sleeve 15D for defining an annular drain
chamber 23e. Between the inlet and drain side lands 20a
and 200, an annular groove 20/ 1s defined. The annular

8

groove 20f is cooperative with the inner periphery of
the axial bore 16B of the stationary sleeve 15D for form-
ing an annular control chamber 20c. At the illustrated
position of the main valve spool 20, the control chamber
20c¢ is bilocked from fluid communication with the inlet
and drain chambers 21e and 23e. This position of the
main valve spool 20 will be hereafter referred to as a
“neutral position”.

A closure plug 36 with a rock nut 37 1s threadingly
and sealingly engaged to the outer end (lower portion
of FIG. 2) of the stationary sleeve 15D. At the inner end

(upper portion of FIG. 2) of the stationary sleeve 15D,
a fixed orifice block 19 which defines a fixed flow path
area orifice 19q is defined. Bias springs 24U and 24L are
disposed 1n the axial bore 16B. The bias springs 24U and
24L are seated at spring receptacle bores 20g and 204 at
one end. The other ends of the bias springs 24U and 24L
are respectively seated on the fixed orifice block 19 and
the closure plug 36. The bias springs 24U and 24L exert
spring force toward the neutral position of the main
valve spool 20.

A plug 13C 1s threadingly fitted onto the inner end
(upper portion of FIG. 2) of the bore 16A. The plug
15C 1s cooperative with the fixed orifice block 19 for
defining a pilot chamber PR therebetween, to which the
pilot pressure inlet port 29 opens to introduce the pilot
pressure. The plug 15C further defines an annular pilot
pressure return chamber 275 communicated with the
pilot chamber PR via a center opening 27¢ and radial
paths 274 of the plug 15C. The plug 15C further defines
an actuator receptacle recess 326 to which the active
end of the proportioning solenoid 6B is inserted. An
annular valve seat member 176 defining a tluid path 174
opening to the pilot chamber PR 1s fitted to the inner
end (lower portion of FIG. 2). Opposing the outer end
(upper portion of FIG. 2) of the fluid path 174, a poppet
valve 18 with a valve stem 18a i1s diposed within the
center opening 27c¢ of the plug for thrusting movement
therealong so that the valve stem 18a moves toward and
away from the valve seat member 176 for establishing
and blocking fluid communication therethrough.

The main valve spool 20 defines a feedback path 204
for fluid communication between the inlet chamber 21e
and an annular feedback chamber 20;. A flow restrictive
orifice 25 1s disposed in the feedback path 20d for re-
stricting fluid flow therethrough.

As can be seen from FIG. 2, the fluid path block 15B
defines a pilot pressure supply path 26 for fluid commu-
nication between the inlet port 21 and the pilot port 29.
The fluid path block 15B further defines a pilot pressure
return path 27d communicating the pilot pressure return
port 27 to the drain port 23. The pilot pressure return
path 274 has a branch path 27/ communicating the feed-
back chamber 20/ with the pilot return path 274. A flow
restrictive orifice 30 1s disposed in the pilot pressure
return path 274 at an orientation downstream of the
intersection between the pilot pressure return path and
the branch path. On the other hand, a flow restrictive
one-way check valve 38 is provided in the branch path
27fs0 as to prevent a surge of pressurized fluid from the
feedback chamber to the pilot pressure return path 274
and permit a limited amount of fluid flow from the pilot
pressure return path 274 to the feedback chamber.

With the shown construction. a drain establishing
force equalling the total force of the bias spring 24L and
the fluid pressure in the feedback chamber 20; 1s exerted
on the main spool valve 20 so as to bias the main spool
valve for establishing fluid communication between the
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control chamber 226 and the drain chamber 23d4. For
this, the drain side land 206 cooperates with the axial
end edges of the drain chamber for forming a drain side
variable orifice. Similarly, a pressure supply establish-
ing force equalling the total force of the bias spring 24U
and the fluid pressure in the pilot chamber PR as intro-
duced via a flow restrictive orifice 19a is exerted on the
main spool valve 20 so as to bias the main spool valve
for establishing fluid communication between the con-
trol chamber 2256 and the inlet chamber 215. The inlet
side land 20a cooperates with axial edge end of the inlet
chamber 21e. the main valve spool 1s positioned at an

orientation where the drain establishing force and the

pressure supply establishing force balance. Therefore,
at normal position, the drain establishing force and the
pressure supply establishing force are balanced for es-
tablishing the neutral position of the main valve spool
20.

The proportioning solenoid 16B employed in the
shown embodiment i1s known from the prior proposed
applications, publications and patents and thus need not
be disclosed in detail. Therefore, the proportioning
solenoid 16B is simply illustrated as housed within a
solenoid housing 31. As will be seen from FIG. 2, an
actuation rod 32z is held in contact with the poppet
valve 18.

As seen from FIGS. 2 and 3, a plurality of axially

extending notches 20e are formed on the axial edges of

the inlet side and drain side lands 20g and 206. The

notches 20e are provided an axial length 1. The axial
length 1, of the notches 20e is set in combination with a
stroke margin 1; of the main valve spool 20 at the neutral
position so that the total axial length (l;41,) 1s shorter
than the axial stroke L of the main valve spool 20.
Since the operation of the pressure control valves 1s
essentially the same as that of the aforementioned prior

applications, publications and patents, the disclosures of

which have been incorporated by reference, it may not
be necessary to discuss the operations in great detatl and
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the action of the major components should be sufficient
for facilitating full understanding of the mvention.

Upon the setting to ON of a main power switch, 1.e.
an ignition switch, the suspension control system 9 be-
comes active to start attitude change suppressive sus-
pension control. At the same time, a fluid pump 1n the
fluid pressure source unit 4 1s started to be drniven by an
automotive internal combustion engine for supplying
line pressure through the supply line S. As long as ve-
hicular attitude change is not caused, the control unit 12
feeds the suspension control signal commanding the
neutral position of the main valve spool 20. As seen
from FIG. 4, the magnitude of electric current i1n the
suspension control signal Is 1s variable between a prede-
termined minimum level Isysy corresponding to a mini-
mum fluid pressure pcasrn in the working chamber and
a predetermined maximum level Isy4x corresponding
to a maximum pressure level Pcaysqy in the working
chamber across a level Isy where the neutral pressure in
the working chamber L is established. The electric
current level Isy will be hereafter referred to as a “neu-
tral level”.

As long as vehicular attitude change 1s not caused,
the suspension control signal level i1s maintained at the
neutral level Isy for maintaining the pressure in the
working chamber L of the active cylinder 7 at the neu-
tral level Pcy. At this position, substantially high fre-
quency and small magnitude vibration tnput through
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the road wheel is absorbed by the pressure accumulator
14 as cooperated with the orifice 13. On the other hand,
when the vibratory energy is large enough to induce
pressure variation from the neutral pressure Pcy in the
working chamber, the pressure control valve unit 6
becomes active for absorbing the pressure variation and
whereby maintains the pressure in the working chamber
at the neutral pressure. When the vibratory energy 1s
exerted in a direction so as to cause piston bounding
stroke, the pressure in the working chamber L is de-
creased according to the expansion of the volume of the
working chamber. As a result, the pressure 1n the con-
trol chamber 226 as communicated with the working
chamber L through the control line C is decreased.
According to this, the pressure in the feedback chamber
20; communicated with the feedback path 20d 1s de-
creased to destroy the force balance. By this, the main
valve spool 20 is shifted for establishing fluid communi-
cation with the control chamber 225 and the inlet cham-
ber 21e via the notches 20e formed on the inlet side land
20a to introduce the line pressure into the working
chamber. On the other hand, when vibratory energy
causes rebounding motion of the piston with compres-
sion of the working chamber L, the increased pressure
is introduced into the feedback chamber 20;. As a result,
the main valve spool 20 is shifted to establish fluid com-
munication between the control chamber 226 and the
drain chamber 23e via the notching 20e on the drain side
land 206 for draining the increased fluid pressure in the
working chamber. Therefore, in response to either
bounding or rebounding strokes of the piston, the filud
pressure in the working chamber is adjusted to the neu-
tral pressure. With this operation, vibratory energy
causing piston bounding and rebounding strokes can be
successfully absorbed.

On the other hand, when vehicular pitching motion,
rolling motion or so forth is detected by the sensors
including the longitudinal acceleration sensor 11 and/or
the lateral acceleration sensor 10, the control unit 12
becomes active to feed suspension control signals to
respective proportioning solenoids 6B. The proportion-
ing solenoid 6B is thus energized to cause shifting of the
poppet valve toward or away from the valve seat mem-
ber 17b for varying flow restriction magnitude at the
fluid path 17a. According to the flow restriction magni-
tude, the magnitude of fluid pressure in the pilot cham-
ber PR is varied for causing variation of the force bal-
ance and thus causes shifting of the main valve spool 20
from the neutral position. Typically, the suspension
control signals are derived so that vehicular attitude
change can be suppressed. Namely, when nose diving
due to deceleration of the vehicle is detected, the fluid
pressure in the working chambers of the front suspen-
sion systems is increased and fluid pressure in the work-
ing chambers of the rear suspension systems 1is de-
creased. On the other hand, when winding up or squat-
ting of the vehicle is detected, the fluid pressure in the
working chambers of the front suspension systems 1s
decreased and that in the rear suspension systems 1S
increased. Similarly, when vehicular rolling 1s detected,
the fluid pressure in the suspension systems at the low-
ered side of the vehicle is increased and that at the lifted
side 1s decreased.

As will be appreciated, in the normal stroke range of
the main valve spool 20, fluild communication between
the control chamber 226 and the inlet chamber 21e and
between the control chamber and the drain chamber 23e
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is established via the notches 20e on the inlet side and
drain side lands 20q and 205.

Practical active suspension control as performed by
the control system has been disclosed and discussed in
various co-pending applications, prior publications and
prior patents listed hereinbefore.

In the shown embodiment of the active suspension
system, when the vehicle passes over a substantial mag-
nitude undulation, projection, groove, hole or so forth,
on the road, a substantial magnitude of piston stroke is
caused. At this time, due to a relatively high speed
piston stroke, relatively large magnitude and high speed
pressure variation in the working chamber L is caused.
According to substantial variation of the fluid pressure
in the working chamber, the pressure in the feedback
chamber 20;j is varied substantially to cause the main
valve spool 20 to reach its full stroke L. As set forth,
since the axial length 1y of the notches 20¢ and the stroke
margin Iy are set so that the combined length (I;+15)
becomes shorter than the stroke L of the main valve
spool 20 at full stroke, the fluid path area for fluid
commnucation between the control chamber 226 and
the inlet chamber 21¢ and between the control chamber
and the drain chamber 23e comes to be increased at
greater rate than that in the stroke range smaller than
the combined length (1} +1;) Variation of the fluid flow
path opening area in the shown embodiment of the
active suspension system according to the present in-
vention is illustrated in FIG. 5(b). This is compared
with the fluid flow path opening area variation in con-
ventional active suspension systems as illustrated in
FIG. 5(a). As seen in FIG. 5(a), the flow path area is
increased in an approximately linear fashion toward the
maximuim area, establishing a good balance of vibration
absorbing performance and avoidance of extraordi-
narily high or low fluid pressures in the working cham-
ber 1s substantially difficult. In contast to this, according
to the present invention, since the normally used fluid
flow path area is provided by the notches and avoid-
ance of extraordinarily high or low pressures is
achieved by the increased fluid flow path area provided
by the main valve spool stroke over the notched region
(shown in FIG. 5(b)), establishing a good balance in
vibration absorbing performance and avoidance of ex-
cessive pressure variation becomes easier.

Therefore, the present invention fulfills all of the
objects and advantages sought therefor.

While the present invention has been disclosed in
terms of the preferred embodiment in order to facilitate
better understanding of the invention, it should be ap-
preciated that the invention can be embodied in various
ways without departing from the principles of the in-
vention. Therefore, the invention should be understood
to include all possible embodiments and modifications
to the shown embodiments which can be embodied
- without departing from the principles of the invention
as set out in the appended claims.

What 1s claimed is:

1. A pressure control valve, for adjusting pressure in
a working chamber of a fluid pressure operated unit by
introducing and draining working fluid into and from
the working chamber, comprising:

a first chamber connected to said working chamber
for fluid communication therebetween via a first
line;

a second chamber connected to a fluid pressure
source via a second line for introducing line pres-
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sure from said fluid pressure source into said work-
ing chamber;

a third chamber connected to said fluid pressure
source via a third line for draining pressurized fluid
to said fluid pressure source from said working
chamber:

a valve member for selectively establishing and
blocking fluid communication between said first
and second chambers and said first and third cham-
bers, the valve member being movable 1n a first
range between a first position for establishing fluid
communication between said first and second
chambers through a first predetermined path open-
ing area and a second position for establishing fluid
communication between said first and third cham-
bers through a second predetermined path opening
area, and a third position, intermediate said first
and second positions, where fluid communication
between said first and second chambers and said
first and third chambers are both blocked:; and

means, responsive to a fluid pressure 1n said working
chamber greater than a predetermined pressure, for
permitting movement of said valve member within
a second range greater than the first range the
second range including a fourth position in which
fluid communication between said first and second
chambers is established through a third path open-
ing area greater than said second path opening
area, and a fifth position, 1n which fluid communi-
cation between said first and third chambers is
established through a fourth path opening area
greater than said second path opening area.

2. A pressure contro! valve unit as set forth in claim
1, wherein said valve member 1s designed for varying
the rate of increase of fluid path opening area so that the
Increase rate in a region from said first position to said
fourth position is greater than that from said third posi-
tion to said first position.

3. A pressure control valve unit as set forth in claim
2, wherein said valve member 1s designed for varying
the rate of increase of said fluid path opening area so
that the increase rate in a region from said second posi-
tion to said fifth position is greater than that from said
third position to said second position.

4. A pressure control valve unit as set forth in claim
3, wherein said fourth and fifth positions of said valve
member are set at the stroke ends of said valve member.

5. A pressure control valve unit as set forth in claim
3, wherein said valve member is formed with at least
one notch axially extending for a predetermined length
for defining an overlap range for said first chamber 1n a
range between said first position and said second posi-
tion and between said first position and said third posi-
tion of said valve member so that a imited flow rate of
fluid communication between said first and second
chambers and said between first and third chambers 1s
established via said notch within said first range of
movement of said valve member.

6. A pressure control valve unit as set forth in claim
5, wherein said valve member establishes direct fluid
communication between said first and second chambers
during movement from said first position to said fourth
position, the overlap magnitude of said first and second
chambers being increased according to movement of
said valve member toward said fourth position. said
valve member also establishing direct fluid communica-
tion between said first and third chambers during move-
ment from said second position to said fifth position, the
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overlap magnitude of said first and third chambers
being increased according to movement of said valve
member toward said fifth position.

7. A pressure control valve unit as set forth in claim
1, wherein said valve member is designed for varying
rate of increase of said fluid path opening area so that
the increase in a region from said second position to said
fifth position is greater than that from said third position
to said second position.

8. A pressure control valve unit as set forth in claim
1, which further comprises an electrically operable
actuator associated with said valve member for causing
movement of said valve member within said first range
at a controlled magnitude for selectively establishing
fluid communication between said first and second
chambers and said first and third chambers with a Iim-
ited fluid path opening area varying in a range between
zero and a predetermined maximum to said first path
opening area and between zero and a predetermined
maximum to said second path opening area.

9. A pressure control valve for adjusting a pressure in
a working chamber of a hydraulic damper in an active
suspension system of an automotive vehicle, by intro-
ducing and draining working fluid into and from the
working chamber, comprising:

a first chamber connected to said working chamber
for fluid communication therebetween via a first
line;

a second chamber connected to a fluid pressure
source via a second line for introducing line pres-
sure from said fluid pressure source into said work-
ing chamber;

a third chamber connected to a fluid pressure source
via a third line for draining pressurized fluid to said
fluid pressure source from said working chamber;

a valve member for selectively establishing and
blocking flui1 communication between said first
and secor.d chambers and said first and third chams-
bers, said valve member being movable in a first
range between a first position for establishing fluid
communication with said first and second cham-
bers and a second position for establishing fluid
communication with said first and third chambers,
through a first predetermined path opening area,
and across a third position where fluid communica-
tion of said first and second chambers and said first
and third chambers are both blocked; and

means, responsive to a fluid pressure in said working
chamber greater than a predetermined pressure, for
permitting movement of said valve member within
a second range greater than said first range be-
tween a fourth position and a fifth position at
which fluid communication between said first and
second chambers and between said first and third
chambers is established through a predetermined
second path opening area greater than said first
path opening area.

10. A pressure control valve unit as set forth in claim

9 wherein said valve member is designed for varying

10

15

20

30

33

45

50

33

the rate of increase of fluid path area so that the rate of 60

increase of said fluid path area in a region between said
first position and said fourth position and between said

second position to said fifth position is greater than that

from said third position to one of said first and second
positions.

11. A pressure control valve unit as set forth in claim
10, wherein said fourth and fifth positions of said valve
member are set at stroke ends of said valve member.
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12. A pressure control valve unit as set forth in claim
11, which further comprises an electrically operable
actuator associated with said valve member for causing
movement of said valve member within said first range
at a controlled magnitude for selectively establishing
fluid communication between said first and second
chambers and said first and third chambers with a lim-
ited fluid path opening area varying in a range between
zero and a predetermined maximum to said first path
opening area and between zero-and a predetermined
maximum to said second second path opening area.

13. A pressure control valve unit as set forth in claim
12, wherein said valve member 1s formed with at least
one notch axially extending for a predetermined length
for defining a overlap range for said first chamber 1n a
range between said first position and said third position
and between said second position and said third posttion
of said valve member so that a limited flow rate of fluid
communication between said first and second chambers
and said between first and third chambers 1s established
via said notch within said first range of movement of
said valve member.

14. A pressure control valve unit as set forth in claim
13, wherein said valve member establishes direct fluid
communication between said first and second chambers
during movement from said first position to said fourth
position, the overlap magnitude of said first and second
chambers increased according to movement to said
valve member toward said fourth position, and estab-
lishes direct fluid communication between said first and
third chambers during movement from said second
position to said fifth position, the overlap magnitude of
said first and third chambers being increased according
to movement of said valve member toward said fifth
position.

15. An active suspension system for an automotive
vehicle, comprising:

a suspension mechanism including a hydraulic cylin-
der disposed between a vehicular body and a sus-
pension member rotatably supporting a road
wheel, said hydraulic cylinder defining a working
chamber therein, which working chamber is of a
volume variable according to a piston stroke 1n-
duced by relative movement between said vehicu-
lar body and said suspension member;

a fluid source for feeding pressurized working fluid;

a pressure control valve disposed 1n a hydraulic cir-
cuit connecting said fluid source and said working
chamber for adjusting fluid pressure in said work-
ing chamber by controlling the introduction and
draining of working fluid into and from said work-
ing chamber, said pressure control valve compris-
ing

a first chamber connected to said working chamber
for fluid communication therebetween via a first
line,

a second chamber connected to a fluid pressure
source via a second line for introducing line pres-
sure from said fluid pressure into said working
chamber,

a third chamber connected to a fluid pressure source
via a third line for draining fluid to said fluid pres-
sure source from said working chamber,

a valve member for selectively establishing and
blocking fluid communication between said first
and second chambers and said first and third cham-
bers, said valve member being movable in a first
range between a first position for establishing fluid
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communication between said first and second
chambers through a first predetermined path open-
ing area and a second area and a second position
establishing a fluid communication between said
first and third chambers through a second predeter-
mined path opening area and across a third position
where fluid communication between said first and
second chambers and said first and third chambers
are both blocked, and
means, responsive to a fluid pressure.in said working
chamber greater than a predetermined pressure, for
permitting movement of said valve member in a
second range greater that said first range, between
a fourth position in which fluid communication 1s
established between said first and second chambers
through a third path opening area greater than said
first path opening area and a fifth position in which
fluid communication is established between said
first and third chambers through a fourth path
opening area greater than said second path opening
area. |
16. An active suspension system as set forth in claim
15, wherein said valve member 1s designed for varying
the rate of increase of said fluid path area so that the rate
of increase of said fluid path area in a region between
said first position to said fourth position is greater than
that from said third position to said first position.
17. An active suspension system as set forth in claim
16, wherein said valve member is designed for varying
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for defining a overlap range for said first chamber 1n a
range between said first position and said second posi-
tion and between said first position and said third posi-
tion of said valve member so that a limited flow rate of
fluid communication between said first and second
chambers and said between first and third chambers 1s
established via said notch within said first range of
movement of said valve member.

20. An active suspension system as set forth in claim
19, wherein said valve member establishes direct fluid

communication between said first and second chambers
during movement from said first position to said fourth

~ position, the overlap magnitude of said first and second
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increase of said fluid path area in a region between said
second position to said fifth position is greater than that
from said third position to said second position.

18. An active suspension system as set forth in claim
17, wherein said fourth and fifth positions of said valve
member are set at siroke ends of said valve member.

19. An active suspension system as set forth in claim
17, wherein said valve member i1s formed with at least
one notch axially extending for a predetermined length
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chambers being increased according to movement of
said valve member toward said fourth position, and
establishes direct flutd communication between said
first and third chambers during movement from said
second position to said fifth position, the overlap magni-
tude of said first and third chambers being increased
according to movement of said valve member toward
sald fifth position.

21. An active suspension system as set forth in claim
15, wherein said valve member is designed for varying

‘the rate of increase of said fluid path area so that the rate

of increase of said fluid path area in a region between
said second position to said fifth position i1s greater than
that from said third position to said second position.
22. An active suspension system as set forth in claim
15, which further comprises an electrically operable
actuator associated with said valve member for causing
movement of said valve member within said first range
at a controlled magnitude for selectively establishing
fluild communication between said first and second
chambers and said first and third chambers with a lim-
ited fluid path area varying in a range between zero and
a predetermined maximum to said first path area and
between zero and a predetermined maximum to said

second second path area.
® Ok * - ¥
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